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(59 Digital signal recording.

@ An input digital signal is recorded as inclined

tracks on a magnetic tape by rotating heads.
The full length (L) of the tape is nearly divided
by four in the longitudinal direction. A leading
portion (L / 4) of the beginning of the tape is a
general data recording area and the remainder
is a continuous data recording area (Fig. 9).
General data and continuous data are recorded
as SYNC blocks. The number of SYNC blocks
for one track of the general data is the same as
that of the continuous data. By dividing the
SYNC blocks of one track, a basic unit of
general data is formed. The basic unit is divided
into sub-units. The data construction of the
sub-unit is the same as that of audio data
recorded in an audio data area of one track. A
rate detecting circuit (43) determines rate infor-
mation, representing the data rate of input data,
which is supplied to a mechanism controller
(45). The controller (45) conftrols a buffer mem-
ory (46), a frame segmenting circuit (48), and a
tape head mechanism (20) in comrespondence
with the data rate information. For example, the
number of rotations of a drum on which a
rotating head is disposed and the tape travel
speed are decreased in comrespondence with
the ratio for the case in which standard data is
recorded. Thus, data at a lower data rate than
that of standard data can be recorded on the
tape with the same track format as that used
when standard data is recorded. '
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This invention relates to (i) digital signal recording
and (ii) terminal apparatus, for example a terminal ap-
paratus for use with an image communication system
such as a cable TV system.

In conventional TV broadcasting systems and
cable TV (CATV) systems, image signals that are
transmitted from broadcasting stations are analogue
signals. On the other hand, digital CATV systems that
transmit digital image signals have been proposed.
An example of a CATV system is disclosed in US Pa-
tent US-A-5 191 410. Digital CATV systems have
been achieved by the use of highly efficient coding
techniques such as DCT (Discrete Cosine Trans-
form), along with improvement of transmission lines
and construction of the communication network. In
other words, within a band for one channel of conven-
tional analog image signals, approximately 10 chan-
nels of compressed image signals can be transmit-
ted.

The digital CATV systems, which receive and
transmit digital image signals, can provide various
services and data transmission for not only conven-
tional TV images, but home shopping (electronic mall
and electronic banking) and TV games. As various
services are provided, information supplied by provid-
ers will be specialized.

In such a digital CATV system, even if the data
rate of digital signals that are transmitted is constant,
depending on the contents of programs, the data rate
may vary, program by program. For example, images
used for data retrieval are not transmitted as image
data with relatively high compression rate and rela-
tively low data rate. On the other hand, when detail in-
formation is required for images, the data rate thereof
should be high. For still images, the data compression
rate can be increased and thereby the data rate can
be decreased. In addition, due to various reasons, im-
age data with various data rates may be transmitted.

In the digital image communication systems as
with the digital CATV systems, image storage devices
are preferably disposed in receiving terminal appara-
tuses. This is because while the user sees a TV pro-
gram, since other TV programs can be stored in the
image storage device, the user can see the stored
programs in his free time. Since digital image signals
are stored, the image storage device is preferably a
digital cassette tape recorder, a hard disk, a flexible
disk, a semiconductor memory, or the like.

The digital cassette tape recorder (hereinafter re-
ferred to as digital VCR) performs parity code adding
process with error correction code, formatting proc-
ess, and modulating process and so forth for video
signals that have been highly efficiently coded.
Thereafter, with a rotating head of the digital cassette
tape recorder records the digital video signais on a
magnetic tape. In addition, the digital cassette tape
recorder performs demodulating process, format de-
composing process, error correcting process, and so
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forth for the signals recorded on the magnetic tape so
as to reproduce the digital video signals. Examples of
the digital VCR are set forth in EP-A-0553817 and
0574889. In the digital CATV system, when the digital
VCR is used as a data storage device, the general
data and the continuous data are recorded on the
same tape depending on the user’s selection or in the
received order. However, the general data should be
more quickly accessed than the continuous data. If
the general data is intermittently recorded on the
tape, the data cannot be easily accessed.

In addition, the hardware of the process for the
general data is preferably shared with the hardware
of the process for the continuous data. For example,
the error correction code encoding process, the
frame segmenting process that defines the format of
data recorded on the tape, and so forth are preferably
shared. When such a digital VCR is used for the im-
age storage apparatus, data with variable data rates
tower than standard data rate should be recorded and
reproduced without wasting the magnetic tape.

In addition, in the digital CATV system, data in
which a plurality of program channels have been
time-division multiplexed is transmitted. Normally,
one of the program channels is selected by a home
terminal apparatus so as to see or store the program.
However, other program channels cannot be used lat-
er.

According to a first aspect of the invention there
is provided a digital signal recording method for input-
ting both continuous data such as video data and au-
dio data and general data such as a computer pro-
gram that is non-continuous data and for recording an
input digital signal on a tape-shaped recording me-
dium, comprising the steps of determining that the in-
put digital signal is the general data, determining a
general data recording area that is at least one of a
leading portion and a trailing portion, the leading por-
tion extending from the leading edge of the tape-
shaped recording medium for a predetermined
length, the trailing portion extending to the trailing
edge of the tape-shaped recording medium for a pre-
determined length, and storing the general data in the
general data recording area, and determining that the
input digital signat is the continuous signal, determin-
ing a continuous data recording area other than the
general data recording area of the tape-shaped re-
cording medium, and recording the continuous data in
the continuous data recording area.

According to a second aspect of the invention
there is provided a digital signal recording apparatus,
comprising a first signal process path for inputting
both continuous data such as video data and audio
data and general data such as a computer program
that is non-continuous, demodulating and decoding
the input digital signal, and outputting the decoded
signal to an output device, a second signal process
path disposed downstream of a demodulating means
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of the first signal process path and adapted for mod-
ulating the demodulated signal, encoding the modu-
lated signal with error correction code, and causing a
tape head means to record the decoded data to tape-
shaped recording medium, a data determining means
for determining whether the input digital signal is the
general data or the continuous data, and a control
means for determining a general data recording area
that is at least one of a leading portion and a trailing
portion, the leading portion extending from the lead-
ing edge of the tape-shaped recording medium for a
predetermined length, the trailing portion extending
to the trailing edge of the tape-shaped recording me-
dium for a predetermined length, and recording the
general data in the general data recording area when
the data determining means has determined that the
input digital signal is the continuous data and for de-
termining a continuous data recording area other than
the general data recording area of the tape-shaped
recording medium and recording the continuous data
in the continuous data recording area when the data
determining means has determined that the input dig-
ital signal is the continuous signal.

According to a preferred form of implementation
of the second aspect, the tape head means is a rotat-
ing head for recording the digital signal as inclined
tracks on the tape-shaped recording medium, the dig-
ital signal being composed of SYNC blocks with a pre-
determined length, and wherein the general data is
recorded in such a manner that the number of the
SYNC blocks contained in one of tracks in which the
continuous digital signal is recorded is divided into an
integer number of basic units and that additional data
is placed in each of the basic units.

According to a third aspect of the invention there
is provided a terminal apparatus for a digital image
communication, comprising a first signal process
path for demodulating and decoding a received signal
and sending the resultant signal to an output device,
a second signal process path disposed downstream
of demodulating means of the first signal process cir-
cuit and adapted for modulating the demodulated sig-
nal, performing error correction code decoding there-
for, and recording the encoded signal on a magnetic
medium, a data rate detecting means for detecting
data rate of a digital signal supplied from the first sig-
nal process path to the second signal process path,
and a control means for controlling a recording oper-
ation corresponding to the data rate being detected by
the data rate detecting means so that a track format
on the recording medium almost accords with that at
a standard data rate.

According to a fourth aspect of the invention
there is provided a terminal apparatus comprising a
first signal process path for demodulating and decod-
ing areceived signal and sending the resultant signal
to an output device, a second signal process path dis-
posed downstream of demodulating means of the
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first signal process circuit and adapted for modulating
the demodulated signal, performing error correction
code decoding therefor, and recording the encoded
signal on a magnetic medium, and a coupling means
for inputting data in which image data of a plurality of
program channels has been time-division multiplexed
as packets that are composed of a predetermined
number of bytes to the first signal process path and
recording the time-division multiplexed data to the re-
cording medium.

Embodiments of the invention described herein-
below provide:

a digital signal recording method and a record-
ing apparatus for easily accessing general data when
a digital signal to be recorded is continuous to the
general data;

a digital signal recording apparatus for causing
the data structure of general data to be the same as
the data structure of continuous data so as to share
a process or hardware;

a terminal apparatus for digital image commu-
nication for recording and reproducing data at lower
data rates than a standard data rate with compatibility
of conventional magnetic tapes and least hardware
changes without wasting the tapes; and

a terminal apparatus for digital image commu-
nication with a storage device that can record data in
which multiple channels have been time-division mul-
tiplexed at a time so that the user can see all the pro-
gram channels without restrictions of time.

The invention will now be further described, by
way of illustrative and non-limiting example, with ref-
erence to the accompanying drawings, in which:

Fig. 1 is a block diagram schematically showing

a digital CATV system embodying the present in-

vention; .

Fig. 2 is a block diagram showing an example of

a transmission side of the digital CATV system;

Fig. 3 is a schematic diagram showing an exam-

ple of transmission data and a selection signal of

a program channel;

Fig. 4 is a block diagram showing principal por-

tions of an embodiment of the present invention;

Fig. 5 is a schematic diagram for explaining an ex-

ample of a track format on a magnetic tape;

Fig. 6 is a schematic diagram for explaining the

data construction of video data;

Fig. 7 is a schematic diagram for explaining data

construction of audio data; .

Fig. 8 is a schematic diagram for explaining data

construction of sub-code data;

Fig. 9 is a schematic diagram for explaining re-

cording method of general data;

Fig. 10 is a schematic diagram for explaining a

basic unit of data construction of the general

data;

Fig. 11 is a schematic diagram for explaining an

example of data construction of the general data;
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Fig. 12 is a schematic diagram for explaining an-
other example of data construction of the general
data;

Fig. 13 is a schematic diagram for explaining an
example of recording method of the general data;

Fig. 14 is a schematic diagram for explaining an-

other example of data construction of the general

data;

Fig. 15 is a schematic diagram for explaining an-

other example of recording method of the general

data;

Figs. 16A, 16B and 16C are schematic diagrams

for explaining examples of error correction code

encoding for the general data;

Figs. 17A, 17B, 17C and 17D are timing charts for

explaining several methods for error correction

code encoding for the general data;

Figs. 18Aand 18B are schematic diagrams for ex-

plaining several methods for recording data atlow

rate;

Fig. 19 is a schematic diagram for explaining an-

other example of recording method of data at low

rate;

Fig. 20 is a block diagram of multi-program re-

cording according to another embodiment of the

present invention; and ‘

Fig. 21 is a block diagram of electronic-mail ac-

cording to further embodiment of the present in-

vention.

Next, with reference to the accompanying draw-
ings, embodiments of the present invention will be de-
scribed. Fig. 1 shows an outlined construction of a
digital CATV system embodying the present inven-
tion. Reference numeral 1 is a broadcasting station.
The broadcasting station 1 transmits a broadcasting
wave to a satellite 2 (broadcasting satellite or commu-
nication sateliite). Head ends.3 are disposed in indi-
vidual service areas. Each of the head ends 3 re-
ceives the broadcasting wave that is transmitted from
the satellite 2. The head end 3 contains an antenna
(that receives the broadcasting wave), a receiving
amplifier, an image source input portion (when nec-
essary), a modulator (that modulates the received
broadcasting wave and image source), a multiplexer
(that multiplexes the output of the modulator and out-
puts the multiplexed signal to a transmission line),
and so forth.

~ The head end 3 and each home 4 are connected
by a cable 5. The cable 5 is constructed of either a co-
axial cable or an optical fiber or a combination there-
of. The cable 5 is connected in a tree shape or in a
star shape. The home 4, which is a subscriber of the
CATV system, is provided with a terminal apparatus
6. The terminal apparatus 6 contains a tuner 7. With
the tuner 7, a desired broadcasting channel is selec-
tively received.

The CATV system according to the presentinven-
tion is not limited to the CATV system shown in Fig.
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1. For example, a plurality of program providers trans-
mit programs to the satellite 2. A CATV station re-
ceives broadcasting waves from the satellite 2. The
CATV station is connected to the head ends by optical
fiber cables. Each head end is connected to many
homes by optical fiber cables or coaxial cables. In ad-
dition, the present invention may be applied to a dig-
ital image communication system (such as TV confer-
ence system) other than the digital CATV system.

For easy understanding of embodiments of the
invention, the digital broadcasting signal generated in
the head end 3 shown in Fig. 1 will now be described
with reference to Fig. 2. Referring to Fig. 2, the digital
broadcasting signal contains first to N-th broadcast-
ing channels. Each broadcasting channel contains a
plurality of programs (a total of n channels in this ex-
ample). Reference numerais 31, to 31, are input ter-
minals. The input terminals 31, to 31, are connected
to respective image sources. The image sources are
not only received through the satellite 2, but generat-
ed by the head end 3. The image sources are formed
of digital image signals.

The input terminals 31, to 31, are connected to
highly efficient encoders 32, to 32, respectively. The
encoders 324 to 32, accord for example with the
MPEG (Moving Picture Experts Group) system that
has been adopted by ISO (International Organization
for Standardization). This image highly efficient cod-
ing system is for example motion compensated inter-
frame predicting coding technique. Output signals of
the MPEG encoders 32, to 32, are supplied to the
multiplexer 33,. The muitipiexer 33; forms time-
division multiplexed data of the first broadcasting
channel CH1. As shown in Fig. 2, the multiplexers 33,
to 33y are disposed corresponding to the number of
the broadcasting channels. In the construction shown
in Fig. 2, the broadcasting channel CH1 contains for
example program channels ch1 to ch4.

Data of each program channel is encoded so that
only subscribers of the CATV system can receive the
data. The encoding technique normally depends on
each program channel. w

Each of the muitiplexers 33, to 33, time-division
multiplexes data of a plurality of program channels.
For example, as shown in Fig. 3, the multiplexer 33,
generates time-division muiltiplexed data Sx. Fig. 3
shows a packet that is composed of 188 bytes. Each
packet has an ID composed of 4 bytes. The ID is fol-
lowed by data. On the terminal apparatus side, with
a select signal SLCT, a program is selected. The sig-
nal level of the select signal SLCT becomes high at a
timing of a desired program channel. In Fig. 3, since
the data rate of each of the program channels is the
same, the number of packets of each of the four chan-
nels of the time-division multiplexed signals is the
same. The data rate of the time-division multiplexed
data has been defined (for example, 25 Mbps).

If the data rate of each channel differs from each
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other, the number of packets of the time-division mul-
tiplexed data correspondingly differs. When the data
rate of the channel 1 is twice as high as that of each
of other channels 2, 3, and 4, the number of packets
of the data of the channel 1 is twice as many as that
of each of the channels 2, 3, and 4. The relation of
data rate among the channels is not fixed. Instead,
when the data rate of each program channel is adap-
tively controlled, the defined transmission capacity of
the transmission line can be effectively used. This
process is performed by the multiplexers 33, to 33y.
This process is referred to as statistical bit allocation.

This process is performed so that the transmis-
sion rate available for each broadcasting channel is
effectively used. Each program channel itself keeps
track of other pragram channels. When the informa-
tion amount of a program channel is low, the informa-
tion amount of another program channel is increased.
When the statistical bit allocation is performed, data
rate of a program channel varies to some extent.

The ID positioned at the beginning of each packet
of time-division multiplexed data contains rate infor-
mation of the program channel, start information, and
soforth. The rate information represents the datarate
of the program channel. When the statistical bit allo-
cation process has been performed, since the data
rate in the same program channel can be varied, for
example, the maximum value of the data rate is
placed as rate information in the ID. Instead of the
maximum value, information of the average value of
the data rate may be placed inthe ID. The ID is added
by the multiplexers 33, to 33y.

Time-division multiplexed data, which are output
from the multiplexers 33, to 33y, are supplied to dig-
ital modulators 34, to 34, respectively. The digital
modulators 34, to 34, perform digital modulation
such as PSK modulation for the time-division multi-
plexed data. Carrier frequencies of the digital modu-
lators 34, to 34y, vary corresponding to broadcasting
channels. The broadcasting signals of the broadcast-
ing channels CH, to CHy are multiplexed by a fre-
quency multiplexing circuit 36 and the multiplexed
signal is obtained from an output terminal 36.

Returning to Fig. 1, an embodiment of the pres-
ent invention will be described. With the tuner 7, a
broadcasting channel that the user has desired is se-
jected. Thus, a signal of the selected channe! is de-
modulated by a demodulator 8. When the demodulat-
ed signal contains an error that has taken place in the
communication path, the error is corrected by an error
correcting circuit 9. The resultant signal is supplied to
a conditional access circuit 10. When the output sig-
nal of the error correcting circuit 9 has been encoded
{scrambled), the signal is descrambled correspond-
ing to a predetermined condition. In the conditional
access circuit 10 or in a circuit downstream thereof,
a desired program channel is selected from the time-
division multiplexed data. The descrambled signal is
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supplied to an MPEG decoder 11. In this embodiment,
as an encoding technique of image data, the MPEG
technique is used. However, highly efficient coding
techinique other than the MPEG may be used.

Decoded image data that is output from the
MPEG decoder 11 is supplied to abase band process
circuit 12. The base band process circuit 12 adds a
horizontal synchronous signal and a vertical syn-
chronous signal to the decoded image signal. An out-
put signal of the base band process circuit 12 is output
to a monitor 13 or a printer 14. The output format of
image data that is output from the base band process
circuit 12 may be RGB primary color signals, compo-
site color video signals, or transmission format in
which a luminance signal is separated from a carrier
color signal.

Jo store received digital image data, a digital VCR
is used. The conditional access circuit 10 and the
MPED decoder 11 are connected through a signal line
15 and an interface 16 to an image data storage de-
vice that includes the digital VCR. The storage device
may be connected upstream of the conditional ac-
cess circuit 10. However, as shown in Fig. 1, when the
storage device is connected downstream of the con-
ditional access 10, with visual images, data can be
searched in the digital VCR and a cassette tape in
which data has been recorded can have compatibility
with the standard system.

The image data storage device comprises a buf-
fer memory 17, an error corection code encoder/de-
coder 18, a channel encoder/decoder 19, and a tape
head mechanism portion 20. An input signal of the
MPEG decoder 11 is stored in the buffer memory 17
through the interface 16. Thereafter, the encoder/de-
coder 18 adds a parity of error correction code to the
output signal of the buffer memory 17. The channel
encoder/decoder 19 modulates an output signal of the
encoder/decoder 18. An output signal of the channel
encoder/decoder 19, which is record data, is supplied
to the tape head mechanism portion 20. The record
data is recorded on the magnetic tape by a rotating
head.

The tape head mechanism portion 20 comprises
a tape guide drum, a tape traveling system, a drive
source, and a servo circuit. The magnetic tape is
wound around the periphery of the tape guide drum.
The tape traveling system travels the magnetic tape
along a predetermined traveling path. The drive
source is for example a motor that rotates the drum,
capstan, and so forth. The servo circuit is used for the
drive source. It should be noted that a data storage
device such as a hard disk or a magnetic disk may be
used along with the digital VCR.

Data reproduced from the magnetic tape by the
tape head mechanism portion 20 is decoded by the
channel encoder/decoder 19. The encoder/decoder
18 decodes the error correction code. The decoded
data is stored in the buffer memory 17. Output data
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of the buffer memory 17 is supplied to the MPEG de-
coder 11 through the interface 16 and the signal line
15. Thus, images corresponding to data reproduced
by the image storage device are displayed on the
monitor 13 or printed out as hard copies by the printer
14.

The terminal apparatus 6 also includes a micro-
computer 21 and a modem 22. For example, the mi-
crocomputer 22 sends information that represents a
desired image to the head end 3 through a telephone
set 23 and a telephone line 24. When the CATV sys-
tem is constructed as a bidirectional system, the ter-
minal apparatus 6 can send a request signal to the
head end 3 in the reverse direction of the broadcast-
ing signal.

Fig. 4 shows a detailed construction of the image
signal storage device disposed downstream of the in-
terface 16. An output signal of the conditional access
circuit 10 is supplied to both a transport detecting cir-
cuit 41 and a PLL 42. The transport detecting circuit
41 decodes packets, each of which is composed of for
example 188 bytes. A rate detecting circuit 43 and a
start detecting circuit 44 detect information of an ID
portion of each packet.

The rate information obtained by the rate detect-
ing circuit 43 represents the compression rate of re-
ceived video data. The information obtained by the
start detecting circuit 44 represents the start position
of a program. The PLL 42., which is disposed at an in-
put portion of the terminal apparatus, reproduces a
clock when no clock is transmitted through the inter-
face 16.

With the clock reproduced by the PLL 42, a servo
reference signal is obtained. The servo reference sig-
nal is used to record data. The servo referance signal
is supplied to a mechanism controller 45 that is con-
structed of a microcomputer. Data that has passed
through the transport detecting circuit 41 is written to
a buffer memory 46 at a timing corresponding to the
rate information. The buffer memory 46 reads image
data at a timing of the recording system of the digital
VCR.

Data that is read from the buffer memory 46 is
supplied to a trick mode process circuit 47. The trick
mode process circuit 47 reproduces the data, which
is read from the buffer memory 46, in a trick mode.
An output signal of the trick mode process circuit 47
is supplied to a frame segmenting circuit 48. The trick
mode process circuit 47 records compressed image
data corresponding to the MPEG system in consider-
ation of the trick mode such as high speed reproduc-
tion or slow reproduction. in other words, when the
high speed reproduction is performed, the trick mode
process circuit 47 records data of an intra-frame on a
tracks that the rotating head traces. (In the MPEG
system, encoded data of an intra-frame is present ev-
ery a predetermined number of frames).

The frame segmenting circuit 48 converts com-
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pressed video data, PCM audio signal, sub-code, and
so forth into data of a predetermined format. The re-
cording format will be described later. The frame seg-
menting circuit 48 places the rate information, which
is detected by the rate detecting circuit 43, in for ex-
ample an AUX area of a video record area. An output
signal of the frame segmenting circuit 48 is supplied
to a record process circuit 49. The record process cir-
cuit 49 performs error correction code encoding proc-
ess, a channel modulation process, and so forth. The
record process circuit 49 generates record data (for
example, at approximately 44 Mbps).

The record data, which is output from the record
process circuit 49, is supplied to a head that is fixed
on a drum through a rotating transformer (not shown).
The head records the data as inclined tracks on the
magnetic tape. The mechanism controller 45 controls
the tape head mechanism portion 20 corresponding
to the data rate of the record data so that a predeter-
mined track pattern and a predetermined track format
are obtained on the magnetic tape. The image signal
storage device also includes a sub-code process cir-
cuit 50. A sub-code that is output from the sub-code
process circuit 50 is supplied to the record process
circuit 49. The record process circuit 49 records the
sub-code at a predetermined sub-code record area of
the magnetic tape. A start ID is supplied to a sub-code
pracess circuit 50. The start ID is recorded in the sub-
code area. It should be noted thatthe rate information
may be recorded in the sub-code area.

Data reproduced by the tape head mechanism
portion 20 is supplied to a channel demodulating cir-
cuit 51. The channel demodulating circuit 51 demod-
ulates channel-modulated signal. The channel de-
modulating circuit 51 is connected to an error correct-
ing circuit 52. The error correcting circuit 52 performs
error correction corresponding to error correction
code (C1 code). The construction of the erTor correc-
tion code of the digital VCR will be described later. An
output signal of the error correcting circuit 52 is sup-
plied to a TBC 53. The TBC 53 removes fluctuated
components on time axis. In addition, the TBC 53
supplies data with predetermined data rate, which
has been converted corresponding to the rate infor-
mation received from the mechanism controller 56, to
the next stage.

An output signal of the TBC 53 is supplied to an
error correcting circuit 54. The error correcting circuit
54 corrects error corresponding to C2 code. Data, in
which error has been corrected, is supplied to a frame
desegmenting circuit 55. The frame desegmenting -
circuit 55 separates compressed video data, audio
data, sub-code, and so forth. In addition, the frame
desegmenting circuit 55 also separates rate informa-
tion recorded in the video AUX,

The rate information separated by the frame de-
segmenting circuit 55 is supplied to a mechanism con-
troller 56. With the rate information, the mechanism
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controller 56 controls the tape head mechanism por-
tion 20 and the TBC 53 corresponding to the received
data rate. In addition, with the rate information, the
mechanism controller 56 controls a data read ad-
dress of the buffer memory 58 and a read timing
thereof. Reproduced data that is read from the buffer
memory 58 is supplied to a transport encoder 59. The
transport encader 59 converts the format of the repro-
duced data into the format of the received broadcast-
ing signal.

The transport encoder 59 processes the repro-
duced data so that the MPEG decoder 11 can read it.
The processed data is supplied to the MPEG decoder
11. The MPEG decoder 11 restores the original im-
age.

Next, the tape head mechanism portion 20 will be
described in detail. For example, a pair of magnetic
heads are disposed on the rotating drum at opposed
intervals of 180°. On the periphery of the drum, the
magnetic tape is wound with a winding angle that is
slightly larger or smaller than 180°. Thus, the two
magnetic heads are alternatively contacted with the
magnetic tape. In addition, the construction in which
two magnetic heads are integrally formed on the
drum may be used. In this case, the two magnetic
heads trace the magnetic tape at a time.

The extended directions of gaps of the magnetic
heads against the vertical direction thereof differ
from each other. The angles formed between each of
the extended directions of the magnetic heads and
the vertical directions thereof are referred to as azi-
muth angles. For example, between the two magnetic
heads, azimuth angles of £ 20° are set. Thus, adja-
cent tracks on the magnetic tape are formed by the
magnetic heads with different azimuth angles. Con-
sequently, when signals are reproduced, the amount
of crosstalk between two adjacent tracks can be re-
duced.

Next, the track format of the digital VCR will be
described. Fig. 5 shows the arrangement of data that
is recorded on one track. In Fig. 5, the left side of the
track is the head entering side, whereas the right side
of the track is the head leaving side. Data is not re-
corded at the margin and IBG (inter-block gap).

Next, signals recorded in each area of one track
will be described in detail.

(1) ITt area

As shown in an enlarged portion (lower teft) of
Fig. 5, the ITI area is constructed of a 1400-bit pre-
amble, a 1830-bit SSA (Start-Sync Block Area), a 90-
bit TIA (Track Information Area), and a 280-bit post-
amble. The preamble has a run-in function for PLL in
the reproduction state. The postamble adjusts the
margin.

Each of SSA and TIA is constructed of 30-bit
SYNC blocks. In each SYNC block, a 10-bit SYNC
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signal (ITI-SYNC) is followed by a 20-bit data portion.
As the content of the data, in the SSA, a sync block
number (0 to 60) is recorded. In the TIA, 3-bit APT in-
formation, 1-bit record mode (SP/LP) information,
and 1-bit pilot frame information are recorded. The 1-
bit pilot frame information represents a reference
frame of the servo system. The APT is ID data that
represents the data construction of a track.

Each sync block in the IT| area is recorded at a
predetermined fixed position on the magnetic tape.
When the position in which 61-st SYNC signal pattern
is detected is defined as an after-record position on
the track, the rewrite position in which data is rewrit-
ten in the after-record mode is precisely defined and
thereby the after-record operation can be properly
preformed.

(2) Audio area

As shown in an enlarged portion (upper left) of
Fig. 5, in a record audio area of the PCM audio signal,
a preamble and a postamble are formed. The pream-
ble is constructed of a run-up and a pre-SYNC. The
run-up pulls the PLL. The pre-SYNC pre-detects the
audio SYNC block. The postamble is constructed of
a post-SYNC and a guard area. The post-SYNC veri-
fies the end of the audio area. The guard area pro-
tects the audio area in the case that after-record op-
eration of video data is performed.

The pre-SYNC is constructed of two SYNC
blocks. The post-SYNC is constructed of one SYNC
block. At the sixth byte of the pre-SYNC, an SP/LP
identification byte is recorded. When the identifica-
tion byte is FFh, SP mode is identified. When the
identification byte is 00Oh, LP mode is identified.
When the SP/LP flag that is recorded in the ITI area
is unreadable, the value of the SP/LP identification
byte is used. At the sixth byte of the post-SYNC, FFh
is recorded as dummy data.

Audio data that is recorded between the amble
areas is framed. In addition, a parity is added to the
audio data. Fig. 7 shows the format in which audio
data is framed and parity is added thereto.

In Fig. 7, at the beginning of 72-bytes audio data,
5-byte audio additional data (referred to as AUX data)
is added and thereby a block of 77-byte data is
formed. Nine blocks are vertically formed and then
framed. An inner-code parity C1 and an outer-code
parity C2 are added to the framed data. In other
words, 77 horizontal bytes are encoded correspond-
ing to (85, 77) Reed Solomon code and thereby an 8-
byte inner-code parity (C1 parity) is formed. Nine
vertical bytes are encoded corresponding to (14, 9)
Reed Solomon code and thereby a 5-byte outer-code
parity (C2 parity) is formed. Data to which parities are
added is read, block by block. At the beginning of each
block, a 3-byte ID and 2-byte SYNC signal are added
and thereby a 90-byte SYNC block signal shown atan
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uppermost portion of Fig. 7 is obtained. This 90-byte
SYNC block signal is recorded on the magnetic tape.

(3) Video area

As shown in an enlarge portion (lower right) of
Fig. 5, the video area in which a video signal that has
been encoded corresponding to the MPEG system is
recorded has similar preamble and postamble to
those of the audio area.

A video signal for one track and video AUX data
for one track are framed by the frame segmenting cir-
cuit 48. Thereafter, error correction code is added to
the framed data by the record process circuit 49, F ig.
6 shows the format in which data is framed and a par-
ity is added thereto.

As shown in Fig. 6, 135 blocks (5 x 27) blocks of
77-byte video data are vertically formed. At the upper
portion and the lower portion of the 135 blocks, two
blocks of video AUX data and one block of video AUX
data are placed, respectively. In this embodiment, it
is assumed that 30 DCT blocks of data are contained
in five SYNC blocks, which are a buffering unit.

77 horizontal bytes are encoded corresponding to
(85, 77) Reed Solomon code and thereby an 8-byte
inner-code parity (C1 parity) is formed. 138 vertical
bytes are encoded corresponding to (249, 138) Reed
Solomon code and thereby a 11-byte outer-code par-
ity (C2 parity) is formed. Data with parities is read,
block by block. At the beginning of each block, a 3-
byte ID and a 2-byte SYNC signal are added and
thereby a 90-byte SYNC block signal is formed as
shown in an uppermost portion of Fig. 5. This signal
is recorded on the magnetic tape.

In the above-described framing format, 27 buffer-
ing units that represent video data for one track are
data of 810 DCT blocks. Thus, data for one video
frame (8100 DCT blocks) is recorded as 10 tracks.

(4) Sub-code area

The sub-code area is an area in which informa-
tion for high speed searching is recorded. The sub-co-
de process circuit 50 generates a sub-code. As shown
in Fig. 8, the sub-code area contains 12 SYNC blocks,
each of which is composed of 12 bytes. At the begin-
ning of the sub-code area, a preamble is formed. At
the end of the sub-code area, a postamble is formed.
However, unlike with the audio area and the video
area, the sub-code area does not have a pre-SYNC
and a post-SYNC. Each of 12 SYNC biocks has a data
portion in which a 5-byte sub-code is recorded. As a
parity that protects the 5-byte sub-code, (14, 10)
Reed Solomon code is used and thereby an inner-co-
de parity C1 is formed.

The record format on the magnetic tape is used
to record video data that has been encoded corre-
sponding to the MPEG system, a PCM audio signal,
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and a sub-code. In the digital CATV system, as well
as video data, computer program data and the like
(referred to as general data) may be provided. Next,
the format for recording and reproducing the general
data will be described.

As shown in Fig. 9, the general data is recorded
in afirst quarter portion (1/4 L) of a cassette tape. The
general data of for example 2.95 G bytes is recorded
in the first quarter portion of the cassette tape. Since
all the general data is recorded in the first quarter por-
tion, it can be easily accessed. If the general data, vid-
eo data, and audio data are recorded in a mixed con-
dition in the longitudinal direction of the tape, it will
take along time to access the general data. Thus, the
download process time of the data becomes long.
Since the total amount of data that can be recorded
onthetape is very large, a predetermined partthereof
is downloaded to the memory.

The video data and the audio data are recorded
after the first quarter portion of the tape. Thus, when
the video data and the audio data are recorded before
the general data, the tape should be travelled to their
positions corresponding to for example a counter val-
ue. In this case, depending on the tape travelling ac-
curacy, the record start position of the video data and
the audio data may vary. To compensate the variation
of the video data and the audio data, a guard area is
disposed between the record area of the general data
and the record area of the other data, which is the vid-'
eo data and the audio data. It should be noted that the
general data may be recorded at the fourth quarter
portion of the tape.

As is clear from the above-described track for-
mat, at the beginning of the track, the audio area is
formed. The general data may be recorded in the au-
dio area.

In the digital CATV system shown in Fig. 1, gen-
eral data may be received along with continuous data
such as video data and audio data. The data type is
designated corresponding to a code contained in
each packet ID. When the mechanism controller 45
shown in Fig. 4 determines that received and selecisd
data is continuous data corresponding to the informa-
tion of the ID portion, it controls the tape head mech-
anism portion 20 so that the data record area be-
comes continuous data record area. When the select-
ed data is general data, the mechanism controller 45
moves the record position to the general data record
area, which is the beginning or the end of the tape.

Next, the record format of the general data will be
described. As shown in Fig. 10, a basic unit is con-
structed by vertically forming 27 blocks. This basic
unitisreferred to as a universal unit. Although the uni-
versal unit contains general data that is composed of
2079 bytes, dummy data may be added so that the
general data is composed of 2048 bytes for easy data
handling. By dividing the universal unit by 3, nine
SYNC blocks are obtained, each of which is referred
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to as a sub-unit.

As shown by hatched portions of Fig. 11, AUX
data of two SYNC blocks is placed above the univer-
sal unit and AUX data of one SYNC block is placed be-
low the universal unit. 77 horizontal bytes of the resul-
tant universal unit are encoded corresponding to (85,
77) Reed Solomon code and thereby an 8-byte inner-
code parity (C1 parity) is formed. 138 vertical bytes
of the universal unit are encoded corresponding to
(249, 138) Reed Solomon code and thereby an 11-
byte outer-code parity (C2 parity) is formed.

The general data composed of 27 blocks is divid-
ed into sub-blocks, each of which is composed of 9
blocks. In the first sub-unit, a header and AUX data
are added to the first block thereof. In each of the
other sub-units, AUX data is added to the first block
thereof. The data construction shown in Fig. 11 is the
same as that of video data shown in Fig. 6. Thus, as
shown in Fig. 13, the general data can be recorded in
the video area on one track formed on the magnetic
tape in the same manner as video data.

As shown in Fig. 12, the general data is recorded
in the audio area as sub-units. 9 blocks are vertically
formed. 77 horizontal bytes are encoded correspond-
ing to (85, 77) Reed Solomon code and thereby an 8-
byte inner-code parity (C1 parity) is formed. In addi-
tion, 9 vertical bytes are encoded comesponding to
(14, 9) Reed Solomon code and thereby a 5-byte out-
er-code parity (C2 parity) is formed. If necessary, the
first five bytes of each block is used as an AUX data
area. The data construction shown in Fig. 12 is the
same as that of the audio data shown in Fig. 8. Thus,
the general data can be recorded in the audio area at
the beginning of the track.

It should be noted that the general data may be
recorded corresponding to multi-track recording sys-
tem in which one track is divided into several portions.
The universal unit in which 27 blocks are vertically
formed as shown in Fig. 14 is encoded corresponding
to inner-code and outer-code. This data construction
(which is composed of 38 blocks) is recorded corre-
sponding to the muiti-track system. For example, as
shown in Fig. 15, one track is divided into four por-
tions so that guard areas are disposed between each
divided track. The general data is recorded in each
divided track. In this case, sub-code areas that are
shown as hatched portions in Fig. 15 are added to the
divided tracks.

As described above, since the general data is re-
corded on the tape as universal units, the frame seg-
menting process and the error correction code encod-
ing process can be shared with those for video data
and audio data. In the case of the general data, unlike
with the case of the video data and audio data, an er-
ror of the general data cannot be corrected by inter-
polating process. Thus, the general data is preferably
encoded with stronger eror correction code. How-
ever, in this case, the benefit of sharing of the proc-
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esses for the video data and audio data should be
maintained. Next, based on such consideration, the
improvement of the error correction capability will be
described with reference to Figs. 16A, 16B and 16C.

Fig. 16A shows 10 tracks of the general data that
has been recorded in the video area and the audio
area shown in Fig. 13. In Figs. 16A, 16B, and 16C, in-
clined tracks are represented as vertical tracks. As
shown in Figs. 16A, 16B and 16C, in the video area,
the general data is recorded in the data construction
shown in Fig. 11. In the audio area, the general data
is recorded as shown in Fig. 12. 10 tracks are required
to record one frame of video data.

A third error correction code encoding is per-
formed for every 10 tracks as one code unit. As shown
in Fig. 168, seven tracks that are firstly traced are
used for recording the general data. The remaining
three tracks are used for recording the third parity (C3
parity). In reality, bytes that are present at the same
positions in the data arrangement of the general data
or the AUX data other than the C1 and C2 parities are
extracted from the seven tracks. The extracted seven
bytes are encoded corresponding to (10, 7) Reed So-
lomon code. The 3-byte C3 parity is recorded at cor-
responding positions of the three tracks. As shown in
Fig. 16B, according to the methad in which the third
error correction code is added, even if all data of one
track has errors, the errors can be corrected. In addi-
tion, as with the case of the data, the C1 parity and
the C2 parity can be encoded corresponding to error
correction code.

Fig. 16C explains another method for improving
error correction capability. In this method, general
data is dually recorded. The same general data is re-
corded on every adjacent two tracks. The general
data that is recorded on one track is divided into two
data portions D, and Dy,,. The first divided data Di is
recorded on the first half of a former track and on the
second half of a latter track. The second divided data
D,., is recorded on the second half of the former track
and on the first half of the latter track. For example,
the divided data Dy is recorded on the first half of the
former track and on the second half of the latter track.
On the other hand, the other divided data D, is record-
ed on the second half of the former track and on the
first half of the latter track. Since the general data is
dually recorded, by collating two parts of the general
data, an error can be corrected. The method shown
in Fig. 16C can improve the error correction capability
in the case that scratches are present in the longitu-
dinal direction of the tape.

As described above, in the system shown in Fig.
1, the data rate of image data received by the terminal
apparatus 6 is not constant. The data rate of the im-
age data depends on the program channel. When the
statistical bit allocation process has been performed,
on the same program channel, the data rate varies.
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This rate information is included in the image data be-
ing transmitted. The rate information is placed in for
example the ID portion. When the statistical bit allo-
cation process has been performed, for example the
maximum value of the data rate is transmitted as rate
information. The rate detecting circuit 43 detects the
rate information. The mechanism controller 45 re-
ceives the detected rate information and controls the
buffer memory 46 and the tape head mechanism por-
tion 20. Thus, the mechanism controller 45 can record
image data with different data rates on the tape.

The standard data rate of data recorded by the
tape head mechanism portion 20 is for example 25
Mbps. However, this is the data rate of compressed
image data that has not been recorded. Since datais
recorded on the tape along with other data and they
are channel-modulated, the data rate of data record-
ed on the tape is approximately 44 Mbps. When im-
age data with data rate less than 44 Mbps is recorded,
the image data can be recorded as data with data rate
of 25 Mbps. When data with data rate of for example
(25/3) Mbps, the data rate can be converted by the
buffer memory and the resuitant data can be record-
ed on the tape that travels at the standard speed (18.8
mm/sec) by the rotating head with the standard rotat-~
ing speed (9000 rpm). However, in this case, as insuf-
ficient data, invalid data such as "0" is recorded and
thereby 2/3 of the magnetic tape are wastefully used.
To prevent the tape from being wastefully used, ac-
cording to the present embodiment, data is recorded
atlower data rate than the standard data rate.

When a cassette tape in which data has been re-
corded is removed from the terminal apparatus and
the data of the cassette tape is reproduced by the dig-
ital VCR, the track format of the cassette tape is pre-
ferably the same as the format of data that is recorded
atthe standard data rate. In other words, the track for-
mat of the cassette tape is preferably the same as the
track format shown in Fig. 5. In addition, the record
wavelength (shortest wavelength) of the cassette
tape is preferably the same as that of standard data.
Moreover, although not always necessary, the in-
clined angles of the tracks on the tape are preferably
the same as those of standard data.

Next, some examples that satisfy the above-
mentioned conditions will be described with reference
to a timing chart shown in Figs. 17A, 17B, 17C and
17D. In the following examples, the tape head mech-
anism portion 20 has a pair of rotating heads that are
disposed at opposed intervals of 180°, Fig. 17A
shows 150 Hz switching pulses that synchronize with
the rotations of the drum. Fig. 17B shows data at 25
Mbps that is recorded alternatively by the rotating
heads. In other words, while the signal level of the
switching pulses is high, one of the heads records
data. While the signal level of the switching pulses is
low, the other head records data. The following exam-
ples can be applied to the data rate of 1/M. As an ex-
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ample, assuming that M is 3, these examples will be
described.
In a first recording system, the number of rota-

tions of the drum and the tape speed are 1/3 those of

the standard recording system. As shown in Fig. 17A,
the frequency of the switching pulses is 50 Hz. In the
first recording system, the track format on the tape is
the same as that of the standard recording system.

The inclined angle of the tracks in the first recording”

system is also the same as that of the standard re-
cording system. However, the track pitches of this re-
cording system is different from those of the standard
recording system. The timing of the recording process
in the first recording system is 1/3 that of the standard
recording system.

In a second recording system, the number of ro-
tations of the drum is the same as that of the standard
recording system (namely, 9000 rpm). The tape
speed of the second recording system is 1/3 that of
the standard recording system. Thus, as shown in Fig.
17B, the frequency of the switching pulses of the sec-
ond recording system is 150 Hz. Data that has been
converted from 25 Mbps / 3 to 25 Mbps by the buffer
memory is intermittently recorded. As shown in Fig.
17B, after one rotating head forms one track, it stops
recording during the next switching pulse period.
While the rotating head stops recording, the other ro-
tating head forms the next track and records data.

With such intermittent recording, image data can
be recorded with data rate 1/3 as low as that of the

‘standard track format. However, in the second re-

cording system, the relative speed between the
heads and the tape is different from that in the stan-
dard recording system. Thus, the inclined angle of the
tracks in the second recording system is different
from that in the standard recording system. In addi-
tion, to perform the inclined azimuth recording (azi-
muth angles of adjacent tracks differ from each
other), the ratio M should be an odd number.

In the first and second recording systems, the
tape is travelled atlow speed corresponding to the ra-

tio. However, in a third recording system and a fousths=: - - -

recording system, the tape speed and the number of
rotations of the drum are the same as those in the
standard recording system so that the tape is intermit-
tently travelled. in the third recording system, as
shown in Fig. 18A, while the tape is travelled at stan-
dard speed, for exérnple 10 tracks are recorded
(REC). Thereafter, the tape is stopped (STOP). The
tape is slightly rewound (REW). Then, data is repro-
duced from the tape (PB). Thus, newly recorded data
is continued to tracks on which data has been record-
ed. This recording system is referred to as pre-roll
system. The record stop period is denoted by m. The
data rate of the record data is 25 Mbps, which has
been converted from 25/3 Mbps. By such intermittent
recording, the average data rate becomes 25/3 Mbps.
In the third recording system, the track format and the
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inclined angle of the tracks are the same as those in
the standard recording system.

As shown in Fig. 188, in the fourth recording sys-
tem, the tape feed is stopped for a period of m without
the rewind operation. For example, after 10 tracks
have been recorded, the recarding operation is stop-
ped for a period of m. In the fourth recording system,
the data rate of the record data is 25 Mbps, which has
been converted. The average data rate is 25/3 Mbps.
The track format of the fourth recording system is the
same as that of the standard recording system. The
inclined angle of the tracks and the track pitches of
the fourth recording system may differ from those of
the standard recording system. In the fourth recording
system, even if the tape is stopped, it is slightly trav-
elled. Thus, a guard band with a width of d corre-
sponding to the amount of travelling of the tape takes
place.

The recording operations of the third and fourth
recording systems in which the tape traveling and re-
cording are intermittently performed are represented
with a timing chart shown in Fig. 17C. Upper two tim-
ing charts of Fig. 17C show that data at 25 Mbps is
recorded by two rotating heads. Lower two timing
charts of Fig. 17C show that time axis of data is com-
pressed.

A fifth recording system is a multi-track system.
As shown in Fig. 19, at the data rate of 25/3 Mbps,
each track is divided into three portions that are div-
ided tracks TR1, TR2, and TR3. A first recording op-
eration is performed for the divided tracks TR1. While
the head is tracing the divided tracks TR2 and TR3,
data is not recorded on the divided tracks TR1. After
data has been recorded on all the divided tracks TR1
of all the tape, data is recorded only on the divided
tracks TR2 from the beginning of the tape. After data
has been recorded on all the divided tracks TR2, data
is recorded on only the divided tracks TR3. In the fifth
recording system, the tape feed speed and the num-
ber of rotations of the drum are the same as those of
the standard recording system. In addition, data that
has been compressed on the time axis is recorded at
the data rate of 25 Mbps.

Fig. 17D shows a timing chart of the recording op-
eration for the divided tracks TR1 in the multi-track
system. As an average, data at the data rate of 25/3
Mbps is recorded. In the fifth recording system, the
inclined angle of the tracks and the track pitches are
the same as those in the standard recording system.
However, the track format in the fifth recording sys-
tem is different from that in the standard recording
system.

In the above-described first to fifth recording sys-
tems, when a cassette tape that records data for one
hour at the standard data rate is used, the cassette
tape can record data for three hours that are three
times longer than the record time atthe standard data
rate. Thus, the cassette tape can be effectively used.
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Next, a system for reproducing data from a tape
in which data has been recorded corresponding to
one of the above-described firstto fifth recording sys-
tems will be described. In the first recording system,
the rotating speed of the drum and the tape travelling
speed are 1/3 those in the standard recording system.
Data of each track is reproduced by tracking servo
mechanism. Data that has been recorded on a tape
corresponding to the second recording system is re-
produced with the number of rotations of the drum
and the tape speed that are the same as those in the
recording mode without tracking control. This techni-
que is referred to as non-tracking reproduction. In the
non-tracking reproduction, a SYNC black with a cor-
rect ID is stored in the memory. The address where
the SYNC block is stored is represented by the ID. In
the non-tracking reproduction method, the tracking
servo contro! is not used. A tape in which data has
been recorded in the first recording system can be re-
produced corresponding to the non-tracking system.

When a tape in which data has been recorded
corresponding to the third recording system is inter-
mittently travelied, data can be reproduced with the
tracking servo control. In addition, when the timing
speed in the reproducing mode is 1/3 that in the re-
cording mode, data can be reproduced corresponding
to the non-tracking system. Data that has been re-
corded on a tape corresponding to the fourth record-
ing system can be reproduced corresponding to the
non-tracking system. When data has been recorded
on a tape corresponding to the fifth recording system,
with the tracking servo control, reproduced data of
each divided track is separated in the same manner
as the recording mode.

Fig. 20 shows a second embodiment of the pres-
ent invention. According to this embodiment, in the
digital CATV system, if the data rate of received multi-
channel time-division multiplexed data is approxi-
mately 25 Mbps, the time-division multipiexed data is
recorded by the tape head mechanism portion 20.
The same portions as those shown in Fig. 4 are de-
noted by the same reference numerals. In the con-
struction in which a multi-program is recorded, the
transport detecting circuit 41 receives time-division
multiplexed data in the same manner as the construc-
tion shown in Fig. 4. The transport detecting circuit 41
detects an ID that is added to each packet. The ID in-
cludes an ID that has been recorded in the multi-pro-
gram, an ID that represents the data rates of pro-
grams being recorded, and titles thereof.

The ID is placed in the video AUX area by a frame
segmenting circuit 48 as with the above-described
first embodiment and the 1D is recorded on the tape.
When data is reproduced from the tape, the ID of the
multi-program is read. The reproducing data rate of
the tape head mechanism portion 20 is set to the nor-
mal reproducing rate. With the detected rate informa-
tion, the TBC 53 and the buffer memary 57 are con-
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trolled so as to obtain reproduced signals. In other
words, in the second embodiment, since the data rate
of the time-division multiplexed data is the same as
that of the standard recording system, data can be re-
corded on the tape with the same process as the stan-
dard recording system.

A program channel to be reproduced is selected
by the user. In this case, a select signal is supplied
from a human interface controller 60 to a buffer mem-
ory 58. The buffer memory 58 supplies data of only
the selected program channel to an MPEG decoder
11 through a transport encoder 59. A monitor 13 dis-
plays an image of the program channel that has been
selected by the user.

In the multi-program recording system, all pro-
grams that are transmitted in a particular time period
can be recorded on the tape. Thus, the user can see
his or her desired program.

Next, with reference to Fig. 21, a third embodi-
ment of the present invention will be described. The
system shown in Fig. 21 is a kind of an electronic mail
system. Data photographed by for example a video
camera 61 with a digital VCR is transmitted to a party
through a low speed line such as a telephone line.

Data that has been photographed and recorded
by the video camera 61 is reproduced by a tape head
mechanism portion 20. The data rate of the repro-
duced data is 25 Mbps, which is the data rate of the
standard recording system. Thereafter, data is repro-
duced through a channel demodulating circuit 51, a
C1 correction circuit 52, a TBC 63, a C2 correction cir-
cuit 54, and a frame desegmenting circuit 55. An out-
put signal of the frame desegmenting circuit 55 is sup-
plied to an error process circuit 57 so as to encode the
data with error correction code against a transmission
error. The reproduced data, which is output from the
channel demodulating circuit 51, is supplied to a sub-
code process circuit 63. The sub-code process circuit
63 performs sub-code process.

_An output signal of the error correction code 57
is supplied to a buffer memory 58. The buffer memory
58 converts the data rate for example from 25 Mbps
to 1.5 Mbps. In other words, the buffer memory 58 ex-
pands the time axis of the data. An output signal of the
buffer memory 58 is supplied to a transport encoder
59. An output signal of the transport encoder 59 and
rate information supplied from the mechanism con-
troller 56 (information that represents the data rate of
data to be transmitted, for example, 1.5 Mbps) is sup-
plied to a modem 64. These pieces of data are sup-
plied to the party through a low speed telephone line
65. To designate the party, the dial operation is per-
formed.

The low speed data received through the tele-
phone line 65 is supplied to a terminal apparatus of
the party (shown by a lower portion of Fig. 21). These
pieces of data are recorded on a magnetic tape by a
tape head mechanism portion 20. To record the low
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speed data, the above-described embodiments of the
present invention can be applied.

In other words, a transport detecting circuit 41 is
connected to the modem 66. The detected rate infor-
mation is supplied to a mechanism controlier 45. The
mechanism controller 45 controls the operation of the
tape head mechanism portion 20 so that data at for
example 1.5 Mbps is recorded on the tape with the
same track format as the standard recording system.

The construction of the recording system is the
same as that shown in Fig. 4. However, to more
strongly protect data against an error that takes place
on the communication line, an error correction decod-
er 70 is provided corresponding to an error process
circuit 57 (on the transmission side) that encodes
data with error correction code. As a method for re-
cording data at low data rate, one of the first to fifth
recording systems can be used.

According to the present system, data on a cas-
sette tape 67 is recorded with a low data rate corre-
sponding to one of such recording systems. Thus, the
cassette tape 67 that has recorded such data is un-
loaded from the terminal apparatus and data record-
ed on the cassette tape 67 is reproduced by the digital
VCR. The reproduced image can be displayed on the
monitor 69.

According to the present system, when data at a
lower rate than that of standard data is input, the input
data can be recorded with the same track format as -
that of the standard data rate. In addition, since the
recording operation is controlled, the tape is not
wastefully used. Moreover, the process and hardware
that are used for recording data at the standard data
rate can be shared with those for recording data at a
low data rate.

According to the present system, since general
data is recorded in a leading portion or a trailing por-
tion of a tape, it can be easily accessed. In addition,
since the data structure of the general data is the
same as that of the video data, error correction code
encoding process, frame segmenting process, and so
forth for the general data can be shared with thosefor
the video data. Thus, the processes and hardware
can be simplified. Moreover, since the data structure
of sub-units into which basic units are divided is the
same as that of PCM audio data, the process and
hardware thereof can be shared with those of the au-
dio data.

Having described specific preferred embodi-
ments of the present invention with reference to the
accompanying drawings, it is to be understood that .
the invention is not limited to those precise embodi-
ments, and that various changes and modifications
may be effected therein by one skilled in the art with-
out departing from the scope of the invention as de-
fined in the appended claims.
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Claims

1.

A digital signal recording method for inputting
both continuous data such as video data and au-
dio data and general data such as a computer
program that is non-continuous data and for re-
cording an input digital signal on a tape-shaped
recording medium, comprising the steps of:

determining that the input digital signal is
the general data, determining a general data re-
cording area that is at least one of a leading por-
tion and a trailing portion, the leading portion ex-
tending from the leading edge of the tape-shaped
recording medium for a predetermined length, the
trailing portion extending to the trailing edge of
the tape-shaped recording medium for a prede-
termined length, and storing the general data in
the general data recording area; and

determining that the input digital signal is
the continuous signal, determining a continuous
data recording area other than the general data
recording area of the tape-shaped recording me-
dium, and recording the continuous data in the
continuous data recording area.

2. Adigital signal recording apparatus, comprising:

a first signal process path for inputting
both continuous data such as video data and au-
dio data and general data such as a computer
program that is non-continuous, demodulating
and decoding the input digital signal, and output-
ting the decoded signal to an output device;

a second signal process path disposed
downstream of demodulating means of said first
signal process path and adapted for modulating
the demoduiated signal, encoding the modulated
signal with error correction code, and causing
tape head means to record the decoded data to
tape-shaped recording medium;

data determining means for determining
whether the input digital signal is the general data
or the continuous data; and

control means for determining a general
data recording area that is at least one of a lead-
ing portion and a trailing portion, the leading por-
tion extending from the leading edge of the tape-
shaped recording medium for a predetermined
length, the trailing portion extending to the trail-
ing edge of the tape-shaped recording medium
for a predetermined length, and recording the
general data in the general data recording area
when said data determining means has deter-
mined that the input digital signal is the continu-
ous data and for determining a continuous data

_recording area other than the general data re-
cording area of the tape-shaped recording me-
dium and recording the continuous data in the
continuous data recording area when said data
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determining means has determined that the input
digital signal is the continuous signal.

The digital signal recording apparatus as setforth
in claim 2,

wherein said tape head means is a rotating
head for recording the digital signal as inclined
tracks on the tape-shaped recording medium, the
digital signal being composed of SYNC blocks
with a predetermined length,
and )

wherein the general data is recorded in
such a manner that the number of the SYNC
blocks contained in one of tracks in which the
continuous digital signal is recorded is divided
into an integer number of basic units and that ad-
ditional data is placed in each of the basic units.

The digital signal recording apparatus as setforth
in claim 2,

wherein said tape head means is a rotating
head for recording the digital signal as inclined
tracks on the tape-shaped recording medium, the
digital signal being composed of SYNC blocks
with a predetermined length, and

wherein the general data is recorded in
such a manner that the number of the SYNC
blocks contained in one of tracks in which the
continuous digital signal is recorded is divided
into an integer number of basic units and the ba-
sic units are divided into an integer number of
sub-units and that additional data is placed in
each of the sub-units.

The digital signal recording apparatus as set forth
in claim 2,

wherein said tape head means is a rotating
head for recording the digital signal as inclined
tracks on the tape-shaped recording medium, the
digital signal being composed of SYNC blocks
with a predetermined length, and

wherein the general data is recorded in
such a manner that the number of the SYNC
blocks contained in one of tracks in which the
continuous digital signal is recorded is divided
into an integer number of basic units and the ba-
sic units are divided into an integer number of
sub-units and that additional data is placed in
each of the sub-units and the general data is re-
corded in an audio data recording area of the
tracks.

The digital signal recording apparatus as set forth
in claim 2,

wherein a guard area is formed between
the general data recording area and the continu-
ous data recording area.
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A terminal apparatus for a digital image commu-
nication, comprising:

a first signal process path for demodulat-
ing and decoding a received signal and sending
the resultant signal to an output device;

a second signal process path disposed
downstream of demodulating means of said first
signal process circuit and adapted for modulating
the demodulated signal, performing error correc-
tion code decoding therefor, and recording the
encoded signal on a magnetic medium;

data rate detecting means for detecting
data rate of a digital signal supplied from said f irst
signal process path to said second signal process
path; and

control means for controlling a recording
operation corresponding to the data rate being
detected by said data rate detecting means so
that a track format on the recording medium al-
most accords with that at a standard data rate.

The terminal apparatus as set forth in claim 7,

wherein said second signal process path
includes a recording mechanism that comprises
a rotating head and a tape, and

wherein said control means is adapted for
decreasing both the number of rotations of the ro-
tating head and a feed speed of the tape corre-
sponding to the data rate to be recorded.

The terminal unit as set forth in claim 7,

wherein said second signal process path

includes a recording mechanism that comprises
arotating head and a tape, and

wherein said control means is adapted for
causing the number of rotations of the rotating
head to be equal to that in the case that data at
standard data rate is recorded and for decreasing
the feed speed of the tape corresponding to the
ratio of data rate of data to be recorded against
the standard data rate so as to intermittently re-
cord data corresponding to the data rate ratio.

The terminal apparatus as set forth in claim 7,

wherein said second signal process path
includes a recording mechanism that comprises
a rotating head and a tape, and

wherein said control means is adapted for
intermittently feeding the tape, causing the feed
speed of the tape and the number of rotations of
the rotating head to be equal to those in the case
that data at standard data rate is recorded, and
controlling durations of a tape feed period and a

tape stop period corresponding to ratio of data

rate of data to be recorded against standard data
rate.

11. The terminal apparatus as set forth in claim 7,
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wherein the received data is data in which
image dataof a plurality of program channels has
been time-division multiplexed as packets that
are composed a predetermined number of bytes,
the data rate of each of the program channels
varying, the received data containing rate infor-
mation thatis the average value or the maximum
value of data rate of each program channel.

A terminal apparatus, comprising:

a first signal process path for demodulat--
ing and decoding a received signal and sending
the resultant signal to an output device;

a second signal process path disposed
downstream of demodulating means of said first
signal process circuit and adapted for modulating
the demodulated signal, performing error correc-
tion code decoding therefor, and recording the
encoded signal on a magnetic medium; and

means for inputting data in which image
data of a plurality of program channels has been
time-division multiplexed as packets that are
composed of a predetermined number of bytes to
said first signal process path and selectively re-
cording data of a predetermined program channel
of the time-division multiplexed data to the re-
cording medium.

A terminal apparatus, comprising:

a first signal process path for demodulat-
ing and decoding a received signal and sending
the resultant signal to an output device;

a second signal process path disposed
downstream of demodulating means of said first
signal process circuit and adapted for modulating
the demodulated signal, performing error correc-
tion code decoding therefor, and recording the
encoded signal on a magnetic medium; and

coupling means for inputting data in which
image dataof a plurality of program channels has
been time-division multiplexed as packets that
are composed of a predetermined number-ef
bytes to said first signal process path and record-
ing the time-division multiplexed data to the re-
cording medium.

The terminal apparatus as set forth inclaim7, 12
or 13,

wherein image data of the program chan-
nels has been time-division multiplexed, data of
each of the program channels being encoded, af-
ter the received data has been decoded, the de-
coded data being supplied to said second signal
process path.

The terminal apparatus as set forth in claim 7,12,
or 13,
wherein one broadcasting channel con-
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tains data in which image data of a plurality of
channels has been time-division muitiplexed,
each broadcasting channel having been encoded
by the same technique, after the encoded data
has been decoded, the decoded data being sup-
plied to said second signal process path.

The terminal apparatus as setforth in claim 7, 12,
or 13,

wherein said first signal process path and
said second signal process path are integrally
constructed. :

The terminal apparatus as setforthinclaim 7, 12,
or 13,

wherein said first signal process path and
said second signal process path are separately
constructed.

0B81876A2 | >

10

15

20

25

30

35

45

50

15

28



EP 0 661 876 A2

9
{

9 135
, = —{aoHoH 293 }Hu344n8 W3aow INOHJIT3L
@BHT e 67 —181 20 | [uaindnooomom| | &
b) 2| I 9l Z
N ; <0l 5
$s3008d| [ 539 1INJ4ID L
aNVE}~ SS300Vi+ 034 |+ waa f
3sva| [ 23N Hunoitianed 7 o 43NN
d —
S ~
b N \H.:mqo bz~
aN3 an3| g NOILYLS
¢~JQv3H| ¢~|avaH ~{2NiLsvoavous
P
JII/I/I/ur//// \\.\

16

>

0661871

BNSDOCID: <EP.



EP O

661 876 A2

3“ Ch1 MEPNEg /321 331Flgo 2
N ' $
3z MPEG | : 35
=o—= "ENC M 2 CHt - -
ch3 P = MOD >
3{3O »| MPEG X ‘
ENC FREQUENCY
314" IPEG 1022 - o2 MULTIPLEXING
324 .
h
2155 MWPEE 27 332
SO _ENC j 34,
M 9
| P MOD |-
X
o
- 338
. 34N
M el
P MOD
32n X
chn ¢
34n MPEG
ENC
Fig. 3
Sx g
Sr.
cht leh2 lech3 {chda |chti | ch2 ch3 | ch4
ISLCT ~~_
) l | S~ l ‘
| T~ —
ID DATA

le—t PACKET (188 BYTES) —+]

17



EP 0 661 876 A2

¢ _\I,

@»@
__ LNOD
=TT TETTT T y N 13T OAG35
WSINVHOIW
! NOLLYWHOANI 31w G
_~ | ¢ NOILYWHOINI 3ivd] NOUVWHOINI 31vY
NOILD35500 NOILO35500], PNIIN3IN93S3a on3ll.[23a
| [1229 W 1o TPEL" 22 INVY H334NBI | yogsnviL oadh
— 7 T s
Iva Bd 26 €6 tS T 5 85 66 V)
__ |
| $S3000d INOD
_ 3002-ans al 1YVLS | wsiINvHOTN} i . 1d
) [ os | _OHINOD NOLWYWHOANI 3TV ] 130 3wdl
Y i — { [ 13a E&m_}v H
oud b
$S3004d|_ [oNILNIWO3S | 130
va ozw_omoummé %3&4 mm__w_\uéu%%m . Eowmzép
oz % ep 8b Nw ot 't

£ ‘bi

18

>

0661876,

BNSDOCID: <EP.



S118 082

_slig 0% sug oo JTBAVLSOd
ONAS-LSOd ONAS-Fid A 5118 06
| ) e
SLi8 00S . SLi8 00 sLig ogel
v vng| | SL18 OS24 03aIA 3 -NA VIL ™ Gy y\.
] ~
re————> A|w|||'_ >~ m.:m OOV— \\\
lo_ N { y
NioyA~ ~ <L NS0 R <, 3 BNvad,
7 = : ™ ¢
| 9 9 9
g 3000-8ns) 8 030IA 8] oanv |8] 1Ll
3 < < .
o S<_ NOLLOZMIO ONIOVHL QV3H<- <~ T~o_ NIodwW
& y N -~~~ 5118 08 S18 001 ™~
) . | "ONAS-LSQd 'ONAS-34d |
S.118 G2elf S118 002)| Sl 002 slig 00S "|s.Lia 0050l . Sliig oob
‘v3dv Quvno|'3000-ans| 'dn-NNY ‘'v34V QHVN9 ‘olanv ‘dn-NNY
RN RN NN T
3TBWYLSOd FIEWVRId 371BWVLSOd INBWY3N

G b4

19

NRo10TRAD | ~



EP 0 661 876 A2

Fig. 6

- 90 BYTES .
2 3 77 e 8
SYNC| ID DATA PARITY
I 77 R - I
A ¢ 777777,
2y 805 27
- lN(l)\lER-
135 . CODE
149 . PARITY
Ny 7 RS X7Z7ZZ7} (C1)
y LOUTER—CODE PARITY (C2)
Fig. 7
- S0 ' -
2 3 77 8
P ——gp .
SYNC] ID DATA PARITY
e 77 e B
- :
V .
s /{{/{//5 INNER -
/ - |CODE
14 A - PARITY
54 |[OUTER-CODE PARITY (C2)| (C1)

20

BNSDOCID: <EP. 0661876A2_|_>




EP 0 661 876 A2

Fig. 8

2 3 5 2
- - P>
syncl D DATA ~ |PariTY
IE“ 5 2 b
| | INNER-
f2 SRRITY
- ey
Fig. 9
e L _ >
GENERAL [ i '
N VIDEO DATA AND AUDIO DATA

l— L/4 —=] ‘GUARD AREA

/7]////”{{4{7////]///2J/////////J/[///////////

AUDIO AREA

21

ANSPOCIN: <EP 0681878A2 | >




BNSDOCID: <EP.

: - | UNIVERSAL
S “TUNIT
e _ ]
27 ‘
L 4~SUB-UNIT
Fig. 11
HEADER
AUX l,‘_..._.77 BYTES ——o.l 8 | 77 BYTES—*{
LA T
! 27 v
{35 ‘X“ 7
\9 "i\
¥ X
\\ | AUX
Y eI T 7777777777, CH
A PARITY

0661876A2_I_>

EP 0 661 876 A2

Fig. 10

[e——77 BYTES —

e

C2 PARITY

22




EP 0 661876 A2

Fig. 12 |
fe———77 BYTES —{ 8 |

C2 PARITY

9
5

!
\
C{ PARITY

Fig. 13

W

SUB-CODE VIDEO AREA

JAUDEO AREA
| <o

F’g. 14 pa——77 BYTES — 8 |
Ny
2T ______"_"_"731 %
¥y Ct PARITY
1" " C2 PARITY
Fig. 15

. § %Qg ~DATA
SUB-CODE
%‘\38 SYNC BLOCKS

>

23

BNSDOCID: <EP. 0661876A2_1_>




EP 0 661 876 A2

viva

80 | 60 |90 | 20 { va | ca | 20 | ¢a | og Eﬁ
o¢|
60 | 80| 20 |90 | sa |va [<ca |20 | 10 | o h
.
“ 09} b4
ALVl LA L !
€ [ e2 | & m*m.
<
t°goj ‘bi4
v34v olany g

N

|

8E} vauv o3aiA

8=y

P | -

NOILO3HI ONINNYIS IdvL

»

NOILI34I0
ONIQVH 1
QvaH

« |

v9) b4

24

06861876A2_|_>

BNSDOCID: <EP.



EP 0 661 876 A2

m%_%\mm/*

— 00—

I 11 1 T I Jg/ ) b4
¢ sdque/Gz > 3

DI e e — 77T 7777,

UUUUUuy ~ :d::é

A\\\\\\\\\\\\\\\\\\MM\\\\\\\\\\\\\\\\\\\\ sdaw gz

L L L 1 zHos) 2/ b4

3 —{7 - [/} sdangz)

L LI L wmoadgl ) DI

I 77777 7777777 7 7 7 sdanssca)

T ] _ ™ zHOS

777777777 7 77 77 777, Sdan sz

ML L L L Hos

v/ br4

25

6A2_1_>

- 066187

BNSDOCID: <EP.



Fig. 18A

Fig. 18B -

EP 0 661876 A2

8 SToP
Z |REC REC
S / .
£ | | PB
IREW ,
! ]
Fe—m — t
4
REC
8 STOP
2 |REC 4
f_t —=-d
w | { l
o I I
L
M t
NN
' < AN N \‘(/ N
TR3 \\ h \\\ AN \\\
N NN

BNSDOCID: <EP. 06861876A2_|_>

26



EP 0 661 876 A2

) e

LNOD _
09~ aoHN. o)l | B
WNOIS 103738 S 3
e S d inoole NCE £
_ NOLLVYINSOANI 31w WSINVHOIN) /
| o NOUVANOINI Fivd! "G
NOILO34H0)) NOIL038u00], pNINaN93s3d], [ss300ud onal] 230
| 7239 HopY Eikag i M T T muuw...:m g LoasNvi) lo3dn
) ) ) 5 )
lVOBd )& 25 g5 b G5 /5 8 69 ;
“ . $S3D0Ud [e— LNOD} 11d
| 3009-8NS __| wsINvHOIW | |
_ 7 = 7 _ _ 7
| | 0§ __ 104INOD  Sb ai 474
| - - 4
V= 1 ss3o0ud| —
$53000d| [ONLLINIW93S 130
< oniguooad[| | awwud[Y| Z90Nm(Hdddna LYOJSNWYL
viva T 7 AdiY [ _ w
0z W ey oy »«v ot X

oz b4

27

ARLIATOAA )



EP 0 661876 A2

g9 Tmm St
. al_LYVLS 2 NOLLVIWNOANI 31wy
‘ 5530084 _ INOD
BN o&13000-8ns _ — — ——{ WSINVHOIN}#——————— <« 1dh-2b
S e ==~ T0Y1NOJ § NOLWYWNOSNT 31w
\ 5
55300d][ONIINZWO3S «] o3a 133
A\un_@uqf ONIQNDDTY Y D el 203 |* 140dsNyy[*NE0ON
V02 | wiva S S oo ) { f
VT Yosy eb gt ob 0L b 99
X “
G99y
1
|
~ INOD
lllllllllllllllllll WSINVHOIW
o~
o .
NOILO3H50 NOILO¥H00], ONLINF93530), [S5 7000
c@@% ouo%zui : 19 P84 25 AW Homa|[H34N8 1 )0 4a g P00
02 ) { f ¢ J
|0 & e b oG IS g 65 b
| .
<1 c9 ~1}9

)2 by

|_>

066187

BNSDOCID: <EP,



EP 0 661 876 A3

Europiisches Patentamt
European Patent Office

(19) _o)

Office européen des brevets

ARG ERADRIRE

(1) EP 0661876 A3

(12) EUROPEAN PATENT APPLICATION

(88) Date of publication A3:
20.03.1986 Bulletin 1996/12

(43) Date of publication A2:
05.07.1995 Bulletin 1995/27

(21) Application number: 94309629.7

(22) Date of filing: 21.12.1994

(51) Int c1.6: HO4AN 5/926, HO4N 5/945

(84) Designated Contracting States:
DE FR GB NL

(30) Priority: 29.12.1993 JP 352903/93
29.12.1993 JP 352802/93

(71) Applicant: SONY CORPORATION
Tokyo 141 (JP)

(72) Inventors:
¢ Kubota, Yukio, c/o Intellectual Property Div.
Shinagawa-ku, Tokyo 141 (JP)
* Inoue, Hajime, c/o Intellectual Property Div.
Shinagawa-ku, Tokyo 141 (JP)
e Kanota, Keiji, ¢/o Intellectual Property Div.
Shinagawa-ku, Tokyo 141 (JP)

(74) Representative: Cotter, lvan John et al
D. YOUNG & CO.
21 New Fetter Lane
London EC4A 1DA (GB)

(54) Digital signal recording

(57)  An input digital signal is recorded as inclined
tracks on a magnetic tape by rotating heads. The full
length (L) of the tape is nearly divided by four in the lon-
gitudinal direction. A leading portion (L / 4) of the begin-
ning of the tape is a general data recording area and the
remainder is a continuous data recording area (Fig. 9).
General data and continuous data are recorded as
SYNC blocks. The number of SYNC blocks for one track
of the general data is the same as that of the continuous
data. By dividing the SYNC blocks of one track, a basic
unit of general data is formed. The basic unit is divided
into sub-units. The data construction of the sub-unit is
the same as that of audio data recorded in an audio data
area of one track. A rate detecting circuit (43) determines
rate information, representing the data rate of input data,
which is supplied to a mechanism controller (45). The
controller (45) controls a buffer memory (46), a frame
segmenting circuit (48), and a tape head mechanism

(20) in correspondence with the data rate information.
For example, the number of rotations of a drum on which
a rotating head is disposed and the tape travel speed are
decreased in correspondance with the ratio for the case
in which standard data is recorded. Thus, data at a lower
data rate than that of standard data can be recorded on
the tape with the same track format as that used when
standard data is recorded.
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been drawn up for all clams.

Only part of the further search tees have been paid within the fixed vme limit. The present European search
report has been drawn up for those parts of the European patent application which relate 1o the inventions n
respects of which search fees have been paid,

ramoly claims:
None of the further search fees has been paid within the lixed tme timit. The present European search report
has been drawn up for those parts of the Europaan patent application which relate 10 the invention first

mentoned in the claims,

namely claims
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LACK OF UNITY OF INVENTION

Thae Saarch Dwvisi s tuti the p = PRI 200/ 1CARON GOSN NC! COMPlY with the requirement of wrsty of
i o » L or groups of irventions, .
namaly:

l. Claims 1-6 :

Method for recording both continuous data and general
data on a tape-shaped recording medium. :
General data are recorded in the leading portion or in
the trailing portion of the recording medium.
Continuous data are recorded in a recording area of
the recording medium other than the general data re-
cording area.

2. Claims 7-11 :

Terminal apparatus for digital image communication,
comprising an output device, which the demodulated

and decoded received signal is sent to, and a recording
device in which the demcdulated received signal is re-
corded cn a magnetic medium.

The recording operation is controlled corresponding to
the data rate of the received signal.

3. Claims 12,14-17 -

Terminal apparatus for digital image communication,
comprising an output device, which the demodulated and
decoded received signal is sent to, and a recording
device in which the demodulated received signal is re-
corded on a magnetic medium.

Data of a predetermined Program channel out of the time-
division multiplexed data of a plurality of program
channels contained in the received signal are selec-
tively recorded.

4. Claim 13 :

Terminal apparatus for digital image communication,
comprising an output device, which the democdulated and
decoded received signal is sent to, and a recording
device in which the demodulated received signal is re-
corded on a magnetic medium.

The time-division multiplexed data of a Plurality of
Program channels contained in the received signal are
recorded.
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